There is a growing industry of edible mushroom production due to their nutritive value and the recognized fact that mushrooms are natural and healthy foods originating from an environmentally friendly organic farming system. The production of edible mushrooms is threatened by both abiotic and biotic factors, hence the need to improve breeding through genetic tools. In an attempt to determine the morphological and genetic diversity among Pleurotus species, fourteen different strains of Pleurotus ostreatus and Pleurotus florida wild type and their mutants were subjected to different morphological traits, ultrastuctural hyphae network studies and random amplified polymorphic DNA-polymerase chain reaction (RAPD-PCR) marker. The mycelia growth yield on Petri-plates and in submerged fermentation indicated that the strains PO90 and PF30 were significantly different from the other Pleurotus strains used in this study at P < 0.05. Also, the microscopy result showed marked differences among the Pleurotus strains. The dendrogram based on RAPD analysis generated two different clusters. Out of 4 random primers, distinct polymorphism was observed by primers BG17, BG18, BG 23 and BG25. The percentage similarity among the Pleurotus strains varies between 40-100%.
INTRODUCTION
Mushrooms have been consumed by humans since ancient times, not only as a part of the normal diet but also as a delicacy due to their desirable taste and aroma.
Mushrooms have been employed for several useful purposes. They have been employed in pharmaceutical, food and agro allied industries (Alofe et al., 1998; Adejoye and Fasidi, 2009; Akinfemi, 2009) .
Mushrooms are well known for their medicinal properties and have been widely used in traditional medicine. The medicinal effects of mushrooms include antioxidant, antibacterial, antifungal, antiviral, antiparasitic, antitumor, immunomodulatory, anti-inflammatory, radical scavenging, anti-diabetic and hepatoprotective (Wasser, 2010) .
The use of mushrooms with therapeutic properties is growing day by day due to the range of side effects caused by conventional medicines. Many, if not all, higher mushrooms contain biologically active polysaccharides in fruit bodies, cultured mycelia and cultured broth (Wasser 2010a; Smith et al., 2003) .
Mushrooms are currently evaluated for their nutritional value and acceptability as well as for their pharmacological properties. In the developing countries of the world such as Nigeria, uncontrolled population growth has created problem of limited food supply, which has led to search for new methods to provide adequate food for humans. The majority of mushroom lovers in developing countries depend solely on mushrooms that grow in the wild (Jonathan and Adeoyo, 2011) .
Edible mushrooms are widely eaten by many Nigerian ethnic groups such as the Hausas and Fulanis in the north, and the Yorubas, Ibos, Urhobos, Ijaws and Itsekiris in the south. In Nigeria, mushroom eating is more popular in the villages than in urban areas because, rural people have access to natural vegetation where mushrooms grow.
The genus Pleurotus is a heterogeneous group of economic importance. Several species are of nutritional and/or medicinal importance (Cohen et al., 2002; Guzman, 2000) . Pleurotus species have the ability to absorb microelements from different cultivation media and thus they may present an excellent dietary source (Stajic et al., 2002) . Fungi of the Pleurotus genus have an important place among the commercially employed basidiomycetes because they have gastronomic, nutritional and medicinal properties and can be easily cultivated on a large range of substrates (Chang and Hayes, 1978; Kumari and Achal, 2008) . Oyster mushrooms are a more valuable source of protein than either cattle or fish on dry weight basis, and are a good source of almost all the essential amino acids when compared with most vegetables and fruits (Matila et al., 2002) .
However, problems in evaluating data published by different investigators working with even the same species of mushroom exist because identification of species is often not accurate. The correct identification of the taxonomic position of mushroom cultures is a task of vital importance.
Before the introduction of molecular tools of identification, there have been a lot of taxonomic chaos; this was because the traditional morphological studies for identification were not well standardized.
An important aspect of the search for natural products with biotechnological potential is that the correct identification of the source species is determined.
The aim of this research was to carry out a detailed study of morphological growth characteristics, vegetative mycelia structures and genomic DNA phylogeny of different strains of Pleurotus isolates showing potential biotechnological application, by assessing the growth yield, phase contrast microscopy, scanning electron microscopy and random amplified polymorphic DNApolymerase chain reaction (RAPD-PCR)as an identification tool.
MATERIALS AND METHODS

Microorganisms
The Pleurotus species used in this study were obtained from the Mushroom Research Germplasm, CSIR-NEIST, Jorhat, Assam, India. Pleurotus ostreatus and Pleurotus florida wild-type and their generated mutants were used. The strains were maintained on potato dextrose agar (PDA) slants at 4°C for subsequent uses and sub-cultured bi-monthly.
Mutant strains induction
P. ostreatus and P. florida mutant strains (PO15, PO30, PO45, PO60, PO75, PO90 and PF15, PF30, PF45, PF60, PF75 and PF90) were produced by randomly exposing an actively growing culture (5 days old) of the fungus on PDA plate to an ultravioletirradiation ‫ג(‬ = 254 nm) at different time durations of 15 min interval for 90 min (Declan and Alan, 2001) . Mycelia plugs obtained from the culture were transferred onto the centre of a fresh PDA plates and incubated at 25°C. After several exposure to UV mutation and sub-culturing of the mutants, mycelia plugs from the survival mutants were selected for further study.
Media
Potato dextrose agar (PDA) Hi-media, India, and formulated culture broth that uses wheat bran wastes were routinely used for experimentation.
Preparation of fermentation medium
Wheat bran filtrate was used for the formulation of fermentation medium. The filtrate was supplemented with the following nutrient compositions: Glucose 50 g/L, Peptone water 2.5g/L, KH2PO4 2g/L, MgSO4.7H2O 1 g/L, CaCl2 1g/L, Yeast-extract 2.5g/L and (pH adjusted to 5.8). Three agar plugs (6mm diameter), from the Pleurotus culture were inoculated into each 200 ml fermentation medium in a 500 ml conical flasks. The medium were now incubated in an orbital shaker at 28°C for 7days at 150 rpm (Talaro and Talaro, 2002) .
Harvest of mycelia mat from fermentation medium
After 7 days of fermentation, the medium was harvested by using cheese cloth to sieve in order to obtain the mycelia mat. The dry weight of the mycelia mat was determined (in mg/l) using digital weighing balance while the percentage medium consumption was calculated as follows:
Where, % MC = % medium consumption; IMV = initial medium volume; FMV = final medium volume.
Determination of dry mycelia weight
This was carried out by drying the wet mycelia in an oven at 50°C for 24 h to remove the moisture content using pre-weighed filter paper. After drying, the dry-weight was then determined by weighing on weighing balance taking into consideration the weight of the filter paper.
Microscopy studies of wild and mutant strains
Phase contrast microscopy and scanning electron microscopy (SEM) analysis was investigated to study the morphological characteristics in both wild-type and mutants of P. ostreatus and P. florida.
Sample preparation for phase contrast microscopy
A sterile glass cover slip was inserted on surface of PDA media at an angle of about 30 or 40°C. Fungal culture was inoculated with the help of a needle at the base of the cover slip touching the media. The Petri dish was kept in an incubator at 28°C for 2-3 days for incubation. After sufficient growth of fungal mycelia, the glass cover slip was taken out and placed on glass slide stained with lactophenol-in-cotton blue. It was mounted on a phase-contrast microscope for observation of hyphae and presence of spores. Observation was done first with objective lens (10x) and after with oil immersion lens (100x).
Scanning electron microscopy (SEM)
The SEM is a microscope that uses electrons rather than light to form an image. SEM is a versatile tool for high resolution surface imaging. The SEM uses low energy secondary electrons (SEI) or high energy back scattered electrons (BEI) from the specimen surface for image formation. While SEI image provides information on 50 to 150 3Å thicknesses of the sample, BEI image reveals surface features from larger depth. The advantages of SEM over light microscopy are greater magnification, resolution and much larger depth of field. The study of the ultrastructure of biological material with SEM provides information on fundamental tissue characteristics.
Sample preparation for SEM
For SEM observations, agar plug of the fungus (0.5 cm diameter) were taken for studies and were chemically fixed in solution of 2% glutaraldehyde in 0.2 M sodium cacodylate buffer. They were then washed for 20 min in three changes of sodium cacodylate buffer 0.1 M. Post-fixation was done with 1% osmium tetraoxide in sodium cacodylate buffer at 4°C. It was then washed and dehydrated in a graded alcohol series (varying concentrations of acetone) at 4°C.
Dehydrated samples were dried in a critical point drier at its critical point, that is, 31.5°C at 1100 p.s.i with liquid carbon dioxide, mounted on brass stubs by double sided adhesive tape, and then coated with gold (35 nm thickness) in a sputter coater (JFC-1100) for analyses by SEM. The samples were viewed using scanning electron microscopy (JEOL, JSM 6360).
Molecular diversity study using random amplified polymorphic DNA (RAPD)
Isolation of DNA
The genomic DNA of the two wild-type, that is, P. ostreatus and P. florida , and their 12 fast growing mutants, making 14 fungal strains all together were extracted using the modified method of Doyle and Doyle (1990) . The mycelia from Pleurotus spp. were harvested using a scalpel, transferred into sterilized mortar and pestle, and grinded to form a fine paste. DNA extraction buffer consisting of (1 M Tris-Cl pH 8.0; 1 M NaCl; 200 mM EDTA pH 8.0; 10% SDS; 0.1% β-mercaptoethanol) was used.
The paste was transferred into Eppendorf tube, 400 µl DNA extraction buffer was added and centrifuged at 12,000 rpm, at 4°C for 10 min. To the collected supernatant, 300 µl phenol and 300 µl chloroform: isoamylalcohol (24:1) were added and mixed gently. This was centrifuged (12000 rpm, 4°C for 10 min), and the aqueous phase was collected and 500 µl chilled isopropanol was added and incubated at -20°C overnight.
After the incubation, it was centrifuged (12000 rpm, 4°C for 10 min), and the pellet was washed with chilled 70% ethanol and centrifuged for 5 min. The dried pellet was re-suspended in 50 µl of Tris EDTA (10 mM Tris and 1 mM EDTA, pH 8.0) buffer. The isolated DNA was stored at -4°C.
RAPD PCR-Fingerprinting protocol
Random amplified polymorphism protocol uses one primer with an arbitrary sequence unlike normal PCR which uses two. Therefore, amplification in the RAPD occurs anywhere along a genome that contains two complementary sequences to the primer which are within the length limits of PCR. Initial screening was done with 10 primers (Bangalore genei).
Only four primers that gave reproducible and scorable amplifications were further used in the analysis. The reaction recipe for PCR amplification of genomic DNA was as follows: PCR buffer containing MgCl2 -2.5 µl, 10 mM dNTP mix -2.5 µl, 10 pM primer -2.5 µl, distilled water 14.5 µl, Taq polymerase -1 µl, and finally added was DNA template -2 µl. Each reaction volume (25 µl) was pippetted into Eppendorf tube and placed in thermal cycler for amplification (Applied Biosystems 9700).
The following thermal profile was applied for RAPD-PCR assay, that is, step 1 -initial denaturation at 94°C for 2 min, Step 2 -Denaturation at 95°C for 30 s, step 3 -annealing at 36°C for 45 s, step 4 -extension at 72°C for 4 -5 min. After completion of 30 cycles, step 5 -Final extension at 72°C for 8 min.
Electrophoresis of PCR Amplicons
The amplified PCR-Product was analyzed on an agarose gel electrophoresis (1.2% w/v agarose gel). The electrophoresis was run in 1x TBE buffer: 20 mM Tris, 89 mM Boric acid, 20 mM EDTA (pH 8). The gel loading samples consists of 8 µl of the PCR amplified DNA mixed with 1.5 µI 6X gel loading buffer. A 100 bp molecular marker was used. The gel after staining with ethidium bromide was viewed under UV light and documented with a Gel Documentation system (UVP, USA).
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RAPD data analysis
RAPD bands were scored as present (1) or absent (0). The RAPD banding profile data obtained was entered into the NTSYS-pc version 2.02K package (Rohlf, 1998) , a pairwise comparison of isolates was made, and genetic diversity parameters were determined. A dendrogram was constructed by the unweighted pair group method with arithmetic average (UPGMA) (Sneath and Sokal, 1973) to group individuals into discrete clusters.
RESULTS
Selection based on the mycelia radial growth rate of wild and mutant strains of selected Pleurotus strains and biomass weight after submerged fermentation
After 5 days of monitoring the growth of wild type and mutants strains for both P. ostreatus and P. florida on Petri plates at the same time, there was rapid growth in the growth of mutant strains than the wild type as shown in Figure 1 . The mycelia radial growth rate was also better in the mutant strains than their wild-type as shown in Tables 1 and 2 . Further shown in Figure 2 is the result obtained from the performance of the Pleurotus strains in submerged fermentation after harvest, that indicated that mutant strains performance in terms of biomass yield were better, with (PO90) and (PF30) having the highest mycelia mat weight.
The ultrastructural studies of the fungal strains
The morphological differences in the wild and all mutant strains generated were observed by phase contrast microscope under objective lens of 100x and some of the results are shown in Figure 3 . It was observed that Pleurotus species is a club fungi (basidiomycetes) and septated. Scanning electron microscopy was further done to see the morphological differences between the wildtype and mutant of four selected strains, that is, POW, PO90, PFW and PF30. Figure 4 showed that the hyphae network of the wild-type of P. ostreatus is roughened while its mutated strains are smooth. Also shown was that the mycelium strands in wild-type, stand singly, their septa was not obvious, while they have muddled up (compacted) and become bigger in mutated strains. The mutated strains under magnification showed obvious septa when compared with their wild-type. Also in P. florida, the mycelia of wild-type is rough while its mutant are smooth. In addition, the mutants were well septated while the wild type was not reflected well.
RAPD fingerprinting analysis
The summary of the RAPD-PCR analysis, based on the 4 random primers revealed that Primer BG17 gave 2 polymorphic band with about 40% polymorphism among the Pleurotus strains, primer BG 18, 23 and 25 indicated polymorphism of 42.85% and three bands, 28.5% polymorphism and two bands, as well as 36.3% polymorphism and four polymorphic band. From analysis of the four RAPD random primers used in this study ( Figure 5 ), based on the banding profile, also UPGMA based dendrogram was constructed ( Figure 6 ). Also, the summary of primers used and the percentage polymorphism obtained are shown in Table 3 .
DISCUSSION
In this study, mutagenesis was used to enhance biomass yield of P.ostreatus and P. florida mutants using ultraviolet irradiation. The morphological differences in the wild and mutant strains generated were observed by monitoring the mycelia growth rate on the plates, as well as determining the dry mycelia mat weight in mg/l. Also, differences in both wild and mutant strains of P. ostreatus and P. florida were shown using phase contrast microscope POW PO90 PFW PF30 microscope and scanning electron microscopy. The result indicated that mutant strains were different from the parental wild strains. The wild strains of both P. ostreatus and P. florida mycelia were standing singly, less septate and roughened, when compared with their mutated form that were more compacted, septated and much bigger when compared with their wild type. The mycelia mat of PO90 and PF30 were significantly different from the other Pleurotus strains used in this study at p < 0.05. This result is in agreement with result of Ravishankar et al. (2006) using UV light radiation exposure to improve mycelial biomass yield and higher sporophore production. Also, the result corroborates research by Adebayo et al. (2012) in which UV mutagenesis was used to improve P. pulmonarius strains to increase productivity of mycelial and fruiting body yield. From the molecular diversity studies, the RAPD images obtained from four RAPD random primers based on the presence or absence of bands, a UPGMA based dendrogram was constructed. The constructed dend-rogram consisted of two major clusters. Cluster 1 com-prised of POW, PO15, PO60, PO75, PO45, PO90, PO30 and cluster II comprised of PFW, PF30, PF45, PF75, PF15, PF60 and PF 90. The dendrogram indicated that POW, PO15, PO60 and PO75 were 100% similar. Other Pleurotus strains in this study ranges between 40-80% in similarity.
This indicated that truly, there was diversity in the different strains of Pleurotus species. The summary of the RAPD-PCR analysis, revealed that primer 17 gave 2 polymorphic band with about 40% polymorphism among the Pleurotus strains, primer 18, 23 and 25 indicated polymorphism of 42.85% and 3 bands, 28.5% polymorphism and 2 bands, as well as 36.3% polymorphism as well as 4 polymorphic band. A similar result was reported by Chandra et al. (2010) using RAPD markers to discriminate eight Pleurotus species and also found variations in their banding patterns.
The genetic diversity result obtained in this study corroborates earlier studies reported by Stajic et al. (2005) , Khan et al. (2011) and Hyeon-Su et al. (2007) using RAPD molecular marker in the diversity study of mushrooms. Stajic et al. (2005) match genomic relationship among the species. Also, working with RAPD-PCR, Hyeon-Su et al. (2007) demonstrated that analysis of DNA amplifying pattern could be classified into five different clusters based on genetic similarity analysis and this indicated genetic diversity. The research of Khan et al. (2011) using RAPD-PCR to analyzed genomic DNA of seven species; found out that the number of bands and banding patterns were variable depending upon the primer and type of species. The similarity matrix differentiated the species into three distinct clusters. Studies confirmed that this techniques is a good genotypic identification analysis that is better than morphological and physiological identification, that are influenced by cultivation conditions (Iqbal et al., 2010) 
Conclusion
This study confirmed that RAPD-PCR, that is a simple, cost effective technique is a good genotypic identification analysis that is better than morphological and physiological identification, that are influenced by cultivation conditions.
Mushroom growers can use RAPD analysis and morphological evaluation to characterize mushrooms in order to maintain good quality mushroom breed. 
